Introduction
Studies of seed dispersal by frugivorous animals have focused on birds and bats (Jordano, 1992) . The role of mammalian carnivores (order Carnivora) as seed-dispersers remains relatively unexplored, despite the fact that they often consume large quantities of fruit, have long gut passage times and move over large areas (Rogers and Applegate, 1983; Herrera, 1989; Willson, 1993; Traveset and Willson, 1997; Cypher, 1999) . Willson (1993) , for example, concluded that bears, procyonids, mustelids and canids are among the most important dispersal agents in North America. In South America, the situation is probably the same, but the literature remains fragmented and the existing studies are quite narrowly focused (Young, 1990; Bustamante et al., 1992; Lombardi and Motta-Junior, 1993; Castro et al., 1994; Courtenay, 1994; Dalponte and Lima, 1999) .
We present a broad study of frugivory and seed dispersal by the maned wolf (Chrysocyon brachyurus), the largest canid (20-26 kg) in South America. It inhabits grasslands and savannah-like habitats in central South America, including all of Paraguay, north-eastern Argentina, north-western Uruguay, extreme south-eastern Peru and central regions of eastern Bolivia and southern Brazil (Langguth, 1975; Dietz, 1985; Mones and Olazarri, 1990; Nowak, 1999) . Its diet is omnivorous and includes fruit (Dietz, 1984; Medel and Jaksic, 1988; Motta-Junior et al., 1996) .
We first analyse the wolf's diet in eight localities to document its degree of frugivory. We then test whether the maned wolf selects fruit species non-randomly and whether it defecates seeds of 16 species in viable condition. We focus attention on the relationship between the maned wolf and Solanum lycocarpum (Solanaceae), locally named lobeira ('wolf's fruit') . This species appears to be especially important to maned wolves (Dietz, 1984; Lombardi and Motta-Junior, 1993; Courtenay, 1994) . Finally, we use satellite images of our study sites to estimate the proportion of wolf habitat (cerrado) in each. We combine these data with data on diet to determine the extent to which maned wolves depend on fruiting plants that occur only in cerrado vegetation.
Study Areas
We collected wolf faeces in eight localities, all in the cerrado region of south- The vegetation of EITI and EASB is mostly grassland savannah or campo cerrado, while EITA is covered by pine plantations and remnants of natural habitats (cerrado, gallery forest) in similar proportions. EEJA is dominated by cerradão, a xeromorphic semideciduous forest (see Eiten, 1974 Eiten, , 1978 , with some campo sujo (a more open grassland savannah). Although UFSC has cerrado and gallery forest, extensive areas within and outside its limits are covered by Eucalyptus spp. and sugarcane plantations. The FFOR farm is the most disturbed study site, because of a low proportion of natural habitats (mostly cerrado and dry forest) in relation to large Eucalyptus plantations and sugarcane fields outside its boundaries. PNSC is composed mostly of grassy fields and grassland savannahs; it was the largest and most pristine study site. PFSP is covered mostly by pine plantations, but almost all neighbouring landscapes are comprised of cerrado in the uplands and gallery forests and Mauritia flexuosa palm groves in the valleys on permanently marshy ground.
We included data on diet from other studies in central Brazil: Dietz (1984) , Motta-Junior et al. (1996) and Jácomo (1999) . These studies were selected because of similar methods and large sample sizes.
The general climate in these areas is between Koeppen's Aw and Cwa, tropical and warm, with distinct dry and wet seasons (Setzer, 1966; Eiten, 1978) . Annual rainfall ranges from 750 to 2000 mm (Eiten, 1978; Nimer and Brandão, 1989) , but, in most of the cerrado region, it is between 1100 and 1600 mm, with a single 5-6-month dry season (April/MaySeptember/October). Rainfall in the driest month is only 10-30 mm. The annual average temperature is 20-26°C (Setzer, 1966; Eiten, 1974 Eiten, , 1978 . Detailed descriptions of the study areas and the cerrado region can be found in Eiten (1974 Eiten ( , 1978 , Ratter (1980) and Dietz (1984) .
Material and Methods

Diet and fruit selection
The diet of the maned wolf was evaluated by analysis of scats collected from December 1997 to February 2000. Trails and paths commonly used by wolves were regularly walked in search of scats, which could be attributed to the maned wolf by their typically large diameters (> 25 mm), shape, odour and association with wolf tracks and hairs (see Dietz, 1984; Motta-Junior et al., 1996) . Scats were fixed in a 9 : 1 solution of 70% alcohol and 10% formalin. To process, they were washed in water over a fine-mesh screen and oven-dried (50°C) for 2 days. Remains of seeds, teeth, bills, scales and exoskeletons were used to count and identify food items. The average number of seeds per fruit species was compared with the number of seeds in scats to estimate the number of fruits consumed and their biomass (see Castro et al., 1994; Motta-Junior et al., 1996) . Whenever possible, fruit and prey in scats were identified to the species level, using reference collections. Some identifications were made by specialists in museums and herbaria, where voucher specimens were deposited. To describe the diet, we used the frequency of occurrence as a function of total occurrences (sensu Dietz, 1984) and estimated biomass consumption. Mean number of seeds per fruit species was obtained in the study sites in order to estimate the number of fruits consumed by counting seeds in faeces (Castro et al., 1994; Motta-Junior et al., 1996) . The number of fruits consumed of each species was multiplied by the mean fruit mass to estimate the biomass consumption of fruits. Animal-prey biomass was estimated by counting the minimum number of individuals in faeces and then multiplying this number by the average mass of each species at the study sites (e.g. Emmons, 1987; Motta-Junior et al., 1996) .
To evaluate the availability of fruit species in each of five study areas, we randomly placed 42-50 10 m × 10 m quadrats along known paths of wolves. Within each quadrat, we recorded the presence or absence of all plant species with fruits consumed by wolves, as determined by faecal analysis. The size and number of quadrats in each area seemed adequate, as no new plant species were added to the list after sampling the 30-35th quadrats. The absolute observed frequencies of fruits in the diet were compared with absolute frequencies (expected) of fruiting-plant species, derived from quadrat data, through contingency tables (Jaksic, 1989; Zar, 1999) . We assumed that plant occurrence reflected fruit occurrence, since almost all individual plants had mature fruits during 2-3 months.
Germination tests
To determine if wolves defecate seeds in viable condition and are therefore seed-dispersers, we conducted two types of germination trials. The first type tested whether seeds extracted from wolf faeces would germinate. The second tested whether germination is enhanced or inhibited by passage through the wolf's digestive system. For this trial, we used seeds taken directly out of fruits as a control. The germination of treatment and control seeds was compared through contingency tables (Zar, 1999) . For both types of trials, seeds were taken from fresh wolf scats or fruits, rinsed with water and placed on moist filter-paper in covered Petri dishes. Germination tests were conducted in the laboratory, under light and temperature conditions that mimicked those that occur in the field. Germinated seeds were removed and the trials were run until no seed had germinated for 30 days. We tested ten species for the first type of trial and eight species for the second type.
Landscape analysis
To assess the association of plant species in the diet and vegetation cover, recent (1998/99) digital satellite images of the eight study areas were analysed. The phytophysiognomies in the study areas were categorized according to Eiten (1974 Eiten ( , 1978 . We estimated the proportion of cerrado (sensu lato) vegetation cover, excluding cerradão (a xeromorphic forest physiognomy). Based on our observations on the frequency of wolf tracks in different habitats and on accounts in the literature (e.g. Langguth, 1975; Dietz, 1984) , the maned wolf's main habitat in Brazil is open savannah-like vegetation (i.e. cerrado). The program FRAG-STATS (McGarigal and Marks, 1995) was used to obtain the proportion of cerrado in the study sites. We used Spearman rank-order correlation, r s (Siegel and Castellan, 1988) , to determine the association between percentage of cerrado vegetation cover in the landscape and the frequency of cerrado items in the diet. If wolves opportunistically use cerrado resources, a significant positive correlation is expected between cerrado items in the diet and cerrado cover in the eight study areas. On the other hand, if wolves concentrate their foraging in cerrado patches, no correlation is expected.
Results and Discussion
Diet and fruit selection
All populations of maned wolves were highly omnivorous (Table 19 .1). Combining data from all sites, fruits comprised 39.5% of total occurrences in scats, grains, foliage and stems comprised 13.0%, insects 3.7% and small vertebrates 43.8%. In total, 142 species of plants and animals were consumed (range = 34-59 across sites). Among animal prey, small mammals (rodents and opossums) were the most important by frequency of occurrence, but armadillos dominated the animal biomass (see Motta-Junior et al., 1996 ; J.C. MottaJunior, unpublished data). The occurrence of fruit species in diet ranged from 22.5% to 54.3% across sites, and fruit biomass ranged from 15.6% to 57.3%. Considering only the fruit component of the diet, the prevalence of S. lycocarpum was remarkable in most areas, ranging from 7.5% to 32.6% of total occurrences and 4.8% to 53.4% of total biomass. Fruits of Annonaceae, Myrtaceae and Solanaceae were exploited in all ten study sites (Table 19 .1), and those weighing 100-1000 g made up the bulk of the fruits consumed in the eight study sites (Fig. 19.1) .
The diet of the maned wolf was not only highly variable among sites but also variable within sites, by season. In almost all of the eight study areas, small mammals and S. lycocarpum fruits were consumed mostly in the dry season, while other fruits were mostly consumed in the rainy season. In contrast, Dietz (1984) and Motta-Junior et al. (1996) did not find seasonality in the consumption of S. lycocarpum fruits. They did, however, find that small mammals were consumed mostly in the dry season and other fruits in the rainy season.
We examined the seasonal pattern of fruit consumption in more detail at EEJA to gain insight into the relative importance of S. lycocarpum fruit and other fruits through the annual cycle ( Fig. 19.2 ). We found a significant negative association between the frequency in the diet of S. lycocarpum fruit and of other fruits (r s = −0.733; P < 0.025; n = 9). Thus, when wolves eat few S. lycocarpum fruits, they eat more other fruits, and vice versa. Likewise, consumption of S. lycocarpum fruit is negatively correlated with the fruiting level of other fruits (r s = −0.867; P < 0.003; n = 9) and the consumption of other fruits is positively correlated with the fruiting level of other fruits (r s = 0.800; P < 0.01; n = 9). These relationships suggest that wolves use S. lycocarpum fruit to maintain an approximately constant rate of fruit intake in the face of seasonal variation in community-wide fruit availability. This view is further supported by lack of correlation between fruiting levels of S. lycocarpum and its rate of consumption by the maned wolf (r s = 0.150; P > 0.50; n = 9).
Despite the influence of season and of other fruits in determining consumption of S. lycocarpum fruit, wolves showed a strong and consistent preference for this fruit in all five sites in which we had sufficient data to perform a test (Table 19. 2). Virtually all other fruit species appear to be either avoided or consumed in the same proportion that they occurred in the field (Table 19 .2). These findings emphasize the important role that S. lycocarpum plays in the ecology of the maned wolf and support Courtenay's (1994) suggestion that S. lycocarpum is a potential indicator of a suitable maned wolf habitat. An important issue to be addressed in future studies is whether the occurrence of the maned wolf in Brazil is largely determined by the presence of S. lycocarpum.
Legitimacy of the maned wolf as a seed-disperser
With exception of Allagoptera campestris, whose seeds were heavily destroyed (87.5% of 522 seeds in faeces), all fruit species consumed by wolves had most seeds unharmed after passing through the wolf's gut (91.7-100% of seeds intact). Seed germination occurred in 14 of 16 species tested (Table 19. 3). These results uphold the legitimacy of the maned wolf as a seed-disperser (sensu Herrera, 1989) .
In a recent review on vertebrate effects on seed germination, Traveset (1998) listed only six carnivore species whose effect on seed germination had been studied. Of 28 total tests, the carnivores enhanced germination in eight. The remaining 20 tests yielded no significant difference between seeds extracted from scat versus those from pulp (control). These results are similar to ours. Of 26 tests on eight plant species (Table 19. 3), gut passage enhanced the percentage of germination in seven and had no effect on 12. In contrast to the results of Traveset (1998) , but in accordance with Cypher (1999) , we found that gut treatment sometimes inhibited seed germination; in seven tests control seeds germinated better than seeds from faeces (Table 19. 3).
Small seeds appeared in larger numbers per scat than large seeds (seed dry mass × number of seeds per scat: r s = −0.784; P < 0.001; n = 20 species). A similar result was found for Mediterranean carnivores (Herrera, 1989) and this suggests that small-seeded species are clump-dispersed by the maned wolf, while some of the larger ones are probably scatterdispersed (see Howe, 1989) . The average number of conspecific seeds per scat ranged from 5.0 to 3360.8, with a minimum of 1 (several species) and a maximum of 26,775 (Solanum sisymbriifolium).
Contrary to Herrera (1989) , our results indicate that there is a relationship between the dry mass of individual seeds and the percentage of broken/cracked seeds in the faeces (r s = 0.453; P < 0.05; n = 20 species). This means that the larger the seed, the higher the possibility of physical damage (see Appendix for seed mass data), although it is important to remember that in our study damage was always < 10% of seeds found in faeces (except for A. campestris).
Effectiveness as a seed-disperser
Although the maned wolf seems to have a short passage time of food through the gut -approximately 20-30 min (Barboza et al., 296 Frugivorous Diet of the Maned Wolf 1994) -this is counterbalanced by its highly cursorial habits -it walks many kilometres during the night -and by a large home range (21-115 km 2 ) (Dietz, 1984; Carvalho and Vasconcellos, 1995) .
By recording the location of tracks and faeces and by radiotelemetry data (Dietz, 1984) , we have documented that the maned wolf prefers open cerrado. Therefore, only plant species that establish in open cerrado are likely to be effectively dispersed by wolves (see Bustamante et al., 1992) . Because most plant species we found in wolf scats came from cerrado vegetation (see Appendix), the wolf is probably an important disperser for many of these species. Further, its treatment of seeds may be necessary to remove compounds in the fruit pulp that inhibit germination, as is the case with S. lycocarpum (Flavia S. Pinto, personal communication) .
Future studies on the maned wolf as a seed-disperser should assess microhabitat sites of faecal deposition versus plant establishment and seed predation (Bustamante et al., 1992) . 
Conservation Aspects
Although apparently expanding its range in some regions, such as eastern Minas Gerais State (Dietz, 1985) , the maned wolf is vanishing in others, such as Rio Grande do Sul State in Brazil and Uruguay (Mones and Olazarri, 1990) . The conservation status of the species remains 'threatened' in Brazil (Fonseca et al., 1994) and 'near threatened' worldwide, according to the International Union for Conservation of Nature and Natural Resources (IUCN) (Nowak, 1999) . Despite high variation among our sites in per cent of cerrado habitat, maned wolves systematically consumed high proportions of fruits from cerrado habitats (Fig. 19.3) , both in terms of frequency of occurrence in faeces (r s = 0.476; P > 0.10; n = 8 localities) and estimated biomass (r s = 0.333; P > 0.10; n = 8). This result is echoed by the wolf's preference for prey that inhabit cerrado habitats . These findings suggested that wolves search for food resources more intensively in cerrado vegetation than expected by chance, confirming the importance of cerrado for maned wolf conservation (see Fonseca et al., 1994 ). Yet Dias (1994) estimates that approximately 37% of the cerrado biome has been destroyed in Brazil and that only 6.6% is preserved in reserves. Dietz (1984) and Courtenay (1994) document an expansion of the maned wolf into deforested areas that have become grassland. But their suggestion that these areas plus S. lycocarpum fruit are sufficient for the maintenance of wolves appears premature. Unquestionably, range expansions have occurred. We do not have any information on the viability of these populations, however. Because wolves are markedly omnivores, they require more than fruit; they also need animal matter. In poor-quality cerrado, they may prey on poultry, which brings them into conflict with humans.
Our diet study has relevance for maintenance techniques for captive maned wolves. In particular, captive wolves are often given a diet with a higher proportion of meat than consumed by their wild counterparts. The excessive intake of protein that results may exacerbate the development of cystinuria and gingivitis (Barboza et al., 1994) . Our study shows unequivocally that wild populations of wolves have very mixed diets, including high proportions of fruits. We suggest that meat intake of captive maned wolves be reduced (as also proposed by Barbosa et al., 1994) and that the proportion of fruits in their diet should be increased to 30-50% of daily wet mass of food provided. 
